Abstract: Current EU regulations allow 5% of feed for organic poultry to come from non-organic production. This is due to concerns about a 100% organic diet meeting the requirements for specific amino acids such as methionine. This exception is due to end on 31st December 2017. While this may match consumer expectations, protein sourced from global organic production may have a negative impact on perceptions of organic poultry in other ways. Soybean is a commonly used ingredient in poultry feed but soybean production has negative environmental and social impacts. Consumers may also prefer organic poultry to have been fed on locally produced feed and, indeed, this would be in line with organic principles. Preliminary feasibility feed trials were carried out during a summer and a winter season using organic broilers in the UK to test three 100% organic feeds: a control diet with globally sourced ingredients including soybean expeller, a diet based on locally sourced (i.e. within Europe) organic ingredients, and a diet based on locally sourced organic ingredients and algae (a good source of methionine). The results of the summer feed trial showed that there were no significant differences in broiler weight gains. In the winter feed trial differences were found. There was a significant difference (P = 0.034) in weight gain between the local feed (lower weight gain) and the local feed with algae but no significant difference between the control diet with soybean and the two local diets. These preliminary feed trials indicate that there is no significant impact on broiler performance or animal welfare parameters when replacing soybean with European protein sources, possibly including algae, suggesting that, although the research is still at a very early stage, such feeds may be a viable option for 100% organic poultry feed in the future.
Introduction
Current regulations for organic pig and poultry production systems (Council Regulation (EC) No. 834/2007, [1] ) have a derogation that permits up to 5% of the feed to be from non-organic sources. This exception is due to end on 31 st December 2017.
The 5% non-organic feed ingredients have been allowed primarily due to concerns that a 100% organic diet would be unable to meet the monogastric nutritional requirements for essential amino acids. The essential amino acids for poultry are methionine, cysteine, lysine, threo-nine, and tryptophan and these must be fed directly as the birds cannot synthesise them from other food constituents [2] . Fast feathering with good feather cover is important for organic poultry as it helps to protect them from the elements when outdoors, and the main amino acids associated with synthesis of feather keratin are cysteine and methionine [3] . Synthetic amino acids are not permitted in organic poultry feeds and therefore the amino acid requirements must be satisfied by the ingredients within the feed provided.
In a recent review of EU organic regulations [4] , interviewed experts expressed concerns as to whether a 100% organic diet would be able to meet these high-protein requirements, especially for high performance breeds. They felt that the non-organic feed was required to meet the methionine and lysine requirements and stated that the majority of pig and poultry producers relied on the derogation.
However, studies of organic consumers [5] have shown that they have indicated a preference for organic husbandry due to its use of natural/healthy feed and they may feel that poultry which are fed up to 5% non-organic ingredients do not match this perception. On the other hand, consumers prefer locally grown organic produce to foreign goods [6] and have been known to choose local, conventional produce over organic produce [7, 8] . Thus, if globally produced feed sources are needed to meet the 100% organic poultry feed requirement then this may have a negative effect on consumer perceptions. It would also appear to be contrary to organic principles which suggest that local or regional production should be preferred [4] .
The most obvious and commonly used vegetable protein feed source (soybean) is not widely grown in Europe due to climatic conditions. Additionally, there are many environmental, genetic modification and social concerns about using soybean imported from South America [9] [10] [11] , China and India, and more acceptable alternatives are required. It has been shown that some European protein sources like lupin (Lupinus albus, L. luteus, L. angustifolius) [12] and naked oats (Avena nuda) [12] [13] [14] (mainly produced in northern Europe) can partly cover the nutrient requirements for laying hens [12] , although anti-nutritional factors could have an impact.
Other implications of 100% organic poultry feed are likely to be higher feed costs due to the higher cost of organic protein [4] and the possibility that higher amounts of overall protein will need to be fed to meet the methionine requirements [4] which, as well as impacting on cost, will have an impact on nitrogen excretion, leading to higher greenhouse gas emissions.
There is therefore a need for investigation into European feeds for poultry, perhaps using novel protein sources. There is a need, through performance trials, to evaluate the impact of the feed on growth and productivity.
In this study, the impact of locally (i.e. European) sourced 100% organic feed on broiler performance and welfare was investigated. The definition of "local" used in this study was within the UK wherever possible and otherwise from within Europe. Three 100% organic feeds were compared in preliminary feasibility trials: a control diet with globally sourced ingredients including soybean expeller, a diet based on locally sourced (i.e. within Europe) organic ingredients, and a diet based on locally sourced organic ingredients and algae. The amino acid profile of algae compares favourably with that of most food proteins including soybean [15] . This suggests that algae may make a good substitute for soybean in poultry rations with regards to maintaining a desirable amino acid profile within the feed. This paper reports on preliminary feed trials carried out in summer 2012 and winter 2013 comparing the performance of broilers fed the three diets described above, in terms of weight gain, feed conversion ratio, breast feather coverage and hock lesion scores. It also discusses in more detail the environmental and social issues concerning soybean production.
Material and Methods

Animals and Housing
Preliminary feed trials to test the feasibility of the diets were carried out at FAI Farms Ltd., Oxford, UK. The first was carried out over the summer period (July-August 2012) and the second over winter (January-February 2013). The houses each contained twelve 3.2 m 2 pens with access to grassland paddocks. Four pens were fed each of the three diets. The bedding used was chopped straw mixed with woodchip. The pens contained Plasson Bell drinkers and standard tube and pan feeders. Prior to the start of the trial, the chicks were fed an organic chick starter feed and were reared in one batch indoors for four weeks. The birds (Hubbard JA 757 broilers) were assigned to pens at random.
For the summer feed trial the birds were housed in two houses positioned side by side. Each pen contained 10 or 11 birds, thus the indoor stocking rates were approximately 0.32 m 2 per bird. In each house, pens 1, 4, 7 and 10 were fed the local feed diet; pens 2, 5, 8 and 11 were fed the control diet; and pens 3, 6, 9 and 12 were fed the local feed with algae diet. Thus, the feed pens were distributed evenly throughout the houses.
For the winter feed trial, due to the colder weather conditions, it was necessary to double the amount of birds in the house to ensure that the birds were able to keep warm. Thus only one house was used in the winter trial. Twenty birds were placed in each pen, giving an indoor stocking density of 0.16 m 2 per bird. Similarly to the summer trial, pens 1, 4, 7, and 10 were fed the local diet with algae; pens 2, 5, 8, and 11 were fed the local diet; and pens 3, 6, 9 and 12 were fed the control diet.
Diets
The three diets tested were: a standard 100% organic poultry feed currently available in the UK (control) and including soybean expeller in its ingredients, a locally (European)-sourced 100% organic poultry feed and a locally (European) sourced 100% organic poultry feed incorporating algae (Spirulina spp.; Table 1 ).
Only the control feed contained soybean expeller but all three feeds contained soybean oil. In additional the local feeds (but not the control) also contained rape seed expeller and flax expeller. Table 1 shows the ingredients and nutritional information for all three feeds in greater detail. There were slight differences in the ingredients for the three feeds between the summer and winter feed trials due to differing availability of ingredients but the feed manufacturer endeavoured to keep the nutrient contents as similar as possible between the two seasons. The local feeds make use of sweet lupins and beans as a protein source and the local feed with algae also includes algae for protein. The algae used in the feed trials were produced by Merlin Biodevelopments Ltd. (North Wales) using a hydroponic system based on the waste-derived fertiliser from anaerobic digestion. A slurry was produced, freeze-dried and sent to the feed mill for inclusion in a standard pellet form. The diets were provided by Hi Peak Feeds [16] and were fed as 3 mm pellets. 
Growth Performance and Feed Conversion Ratio
The weights were recorded on a weekly basis, sampling 50% of the birds from each pen. The weight recording for the summer started when the chicks were 43 days old (week 1) and continued until the birds were at marketable weight (64 days old) (week 4). The trial feeds were used from 36 days old onwards (i.e. once the birds had transitioned from chick starter feed to broiler feed). The weight recording for the winter started at age 47 days (week 1) and continued until the birds were at marketable weight (68 days) (week 4). The trial feeds were used from 43 days old onwards. The birds in both the winter and summer trials were weighed after 11 am to allow for stabilisation of weight after the morning feed. The pens were weighed in the same order each week and at the same time. The mean of the five (summer) or 10 (winter) weights sampled in each pen was taken to give the average bird weight per pen; the pen was then used as the experimental unit. The statistical analysis, discussed below, compared the weight gains on the three diets. The diets were fed on an ad libitum basis. The weight of feed being added to each pen and the weight of feed discarded was recorded to calculate the feed intake. For the winter trial, this information, along with the average bird weights for each diet and number of birds fed that diet were used to calculate the feed conversion ratio (FCR) for each pen; mortality corrections were unnecessary as no birds died. FCR could not be accurately estimated in the summer trial, because of the unknown amount of nutrients consumed in the outdoor area.
Animal Welfare Parameters: Breast Feather Coverage and Hock Lesion Scores
At each weighing, the birds were also scored on the parameters of breast feather coverage and hock lesion. The breast feather coverage scale, based on the LayWel scale [17, 18] , gave a score of 1 for fully feathered, 2 for some feather loss, 3 for some feather coverage and 4 for no feathers. The hock lesion scale, based on the Gleadthorpe scale [19] , ranged from 1 for no lesion to 2 for small and superficial lesions to 3 for mild lesions, 4 for moderately severe lesions and the highest score of 5 for very severe lesions.
Statistical Analysis
The statistical analysis was carried out using R version 2.15.2 [20] . The pen is the statistical unit. After using a Shapiro-Wilk test to confirm that the data has a Gaussian distribution, weight gains across the diets were compared using ANOVA (analysis of variance). The weight gains were calculated for each weekly period (week 1 to week 2, week 2 to week 3, week 3 to week 4) and for the entire period of the experiment (week 1 to week 4). For the summer trial, the data was examined using diet as a factor and including the house in the random term of the model. For the winter trial, the birds were housed in a single house and a one-factor ANOVA test was used to investigate differences due to diet. The buildings were blocked with four blocks per house, each containing three pens, one for each diet.
The statistical model for the summer and winter trials is y ij = µ + α i + ε , where µ is the mean, α i is the effect of the i th diet, and ε the error term. In the summer trial the error term included the house. P values less than 0.05 were considered to be significant.
Post-hoc testing was carried out where necessary using Tukey's HSD. Effect sizes were calculated using η 2 . The breast feather coverage and hock lesion score data was analysed using the Kruskal-Wallis test. This is the non-parametric equivalent of ANOVA and therefore is the appropriate test for use with score data.
Results
Growth Performance
The weight data is summarised in Table 2 .
As shown in Table 3 , there was no significant difference in total weight gain from 43 (week 1) to 64 days of age (week 4) for the summer period (P 2,14 = 0.7279). In fact, running the ANOVA for each week (Table 3 ) gave no statistically significant differences in weekly weight gains across the three diets (P was greater than 0.05).
For the winter trial, there was a statistically significant difference in weight gain between the diets with a large effect size for the period from ages 47 days to 68 days (i.e. week 1 to week 4; P 2,6 = 0.03431, η 2 diet = 0.4283). There was no statistically significant difference in weekly weight gain period (P was greater than 0.05). Post-hoc testing indicated that the significant difference in weight gain over the whole period of the feed trial (47 to 68 days) was between the local feed (with a lower weight gain) and the local feed with algae, with no significant differences between the two local diets and the control.
Feed Conversion Ratio
The feed conversion ratio calculation for the winter trial is summarised in Table 4 below. The FCRs were calculated for each pen for the experimental period (the averages for each diet are shown in Table 4 ) and the statistics were drawn up on a per pen basis similarly to the weight data discussed above. For the winter feed trial, there was a significant difference between the FCRs of the three diets with a large effect size (P 2,6 = 0.02001, η 2 diet = 0.44396). Post-hoc testing indicated that the difference was between the FCR of the local diet and the local diet with algae. It can be seen from Table 4 that the local diet had a higher feed conversion ratio. Table 5 summarises the breast feather coverage data. Given the small number of hock lesions recorded (see below) this data is not summarised in a table. As the data is score data (rather than continuous variables) the average given is the median rather than the mean, and the range is shown by quoting the first and third quartiles (sometimes known as the 25 th and 75 th percentiles). For the summer feed trial, the results of the KruskalWallis test showed that there was no statistically significant difference in the breast cover scores between diets at any of the weighing dates (at 50 days, P = 0.2681; at 57 days, P = 0.1271; at 64 days, P = 0.7263). The hock lesion data was not analysed statistically as only 10 instances of "red" hocks were recorded over all of the weighing periods and these were noted to not be serious enough to score a 2.
Breast Feather Coverage and Hock Lesion Scores
Similarly, for the winter feed trial there was no statistically significant difference in the breast cover scores between diets at any of the weighing dates (at 54 days, P = 0.1274; at 61 days, P = 0.8019; at 68 days, P = 0.7628).
The hock lesion data was not analysed statistically as only 4 instances of scores greater than 1 were recorded over all of the weighing periods.
Discussion
As discussed in the introduction, from 31 st December 2017, 100% organic diets for poultry and pigs will become compulsory in the EU, thus there is an urgent need to develop feeding strategies based on organic feed which will supply poultry with the required level of nutrients in different phases of production.
The move to 100% organic feed for poultry would ap- pear to be in accordance with consumer perceptions of organic food [5] and with organic principles. However, it may not be possible to supply protein with the required amino acid profile using sources from the farm/region alone and so there is a conflict between the requirement for 100% organic feed on the one hand and the desire to have localized production on the other. Soybean meal, the most obvious and commonly used vegetable protein feed source with a good methionine content, is not widely grown in Europe due to climatic conditions. Global demand for soybean for animal feed and oil has increased in recent decades [11] . Increased demand has led to expansion of soybean production in Latin America, especially in Brazil [9, 10] where production has increased by 357% between 1990 and 2011 [11] . Soybean production is a threat to biodiversity as land is needed not just for growing the crop but for the transportation infrastructure to take it to its markets [9] . This puts habitats, especially in the Amazon region, at risk. The IUCN Red List indicates that in Brazil, crop farming is currently threatening 34 critically endangered species and a further 65 endangered species ( [11] and references therein). The requirement for land for soybean production also has a social impact as smaller farmers are displaced to make way for larger farms [9, 10] . A World Bank report highlights that during the major expansion of farming in the Cerrado region, many small farmers lost their land due to poor land records and limited protection of land rights [11] . This paper reports on preliminary feed trials carried out in summer 2012 and winter 2013 comparing the performance in terms of weight gain, feed conversion ratio, and animal welfare parameters (breast feather coverage and hock lesion scores) of broilers fed three different organic diets. The diets were: a standard 100% organic poultry feed currently available in the UK and including soybean expeller (control), a locally (European)-sourced 100% organic poultry feed and a locally (European) sourced 100% organic poultry feed incorporating algae (Spirulina spp.). The results of the summer trial showed that there was no statistically significant difference in bird weight gains between the three diets. In the winter trial, there was a statistically significant difference in weight gain over the entire trial period between the local diet (lower weight gain) and the local diet with algae. There was a statistically significant difference in FCR between the local diet and the local diet with algae, with the local diet having a higher FCR. The significant results in the winter compared with the summer may be partly because of the possible contribution of the outdoor area in the summer trial to the nutrient supply of the broilers. In addition, there were differences in diet composition (e.g. energy, protein, lysine) between the three diets, there were also slight differences in feed ingredients between the summer and winter feed trials due to differing availability of ingredients, but the feed manufac-turer endeavoured to keep the nutrient contents as similar as possible for each of the three diets between the two seasons. However, it should be noted that across both periods (summer and winter) there was no significant difference between the performance of the control feed containing soybean expeller and the local feed with algae or the local feed. Algae have a favourable amino acid profile compared with other sources of protein including soybean [15] and may be a good alternative to replace soybean meal in broiler diets [21] . Becker [15] provides a table comparing the amino acid profiles of various algae with that of products such as soybean and egg. The table shows that Chlorella vulgaris (2.2 g per 100 g protein), Dunaliella bardawil (2.3 g per 100 g protein), Scenedesmus obliquus (1.5 g per 100 g protein), Arthrospira maxima (1.4 g per 100 g protein) and Spirulina platensis (2.5 g per 100 g protein) contain more methionine per 100 g protein than soybean (1.3 g per 100 g protein). This suggests that algae may make a good substitute for soybean in poultry rations with regards to maintaining a desirable amino acid profile within the feed. The algae used in the preliminary feed trials reported in this paper were produced using a zero-waste hydroponic system based on the waste-derived fertiliser from anaerobic digestion. While not currently certified as organic, the ability to produce a protein source tailored to specific amino acid profiles as a by-product of anaerobic digestion presents an opportunity for further exploration as a sustainable alternative to imported soybean.
There were no statistically significant differences in the animal welfare parameters (i.e. breast feather coverage and hock lesion score) in either feed trial period (summer or winter). This suggests that replacing soybean with locally produced protein sources has no impact on bird welfare in terms of feather coverage and hock lesions.
Further investigation of the environmental impacts of the three diets would be interesting. A lifecycle assessment of broiler production in the USA found that feed provision was the major contributor to the cradle to farm gate impacts of production [22] . They found that, if offsets due to litter management (avoiding fertilizer production) are excluded, then provision of feed accounts for 80% of energy use, 82% of greenhouse gas emissions, 98% of ozone depletion emissions, 96% of acidifying emissions and 97% of eutrophying emissions. Corn (which was assumed to constitute 70% of the feed by weight) was responsible for 41% of the impact, while soybean (20% by weight) was responsible for 12% of the impact. A lifecycle assessment of soybean production [23] found that significant greenhouse gas emissions can result from land-use change due to the expansion and cultivation of soybean. Pelletier [22] found that fishmeal production for poultry feed had a higher impact than crop production due to the fuel inputs for fishing and the energy and emissions involved in processing to obtain fishmeal and oil. Pelletier [22] suggests that the use of organic ingredients "which are typically less energy and emissions intensive due to the disallowance of synthetic fertilisers in their production" may reduce the life-cycle impacts of broiler production. An investigation of the environmental impacts of the feeds used in the trials reported here would need to consider the impact of the algae production and also freeze-drying of the algae as well as the production impacts of the other ingredients.
Conclusions
In both the summer and winter feed trials, neither local feed (with or without algae) performed significantly differently from the control. However, the local feed with algae outperformed the local feed without algae. This suggests that a diet based on local protein sources, in this case wheat, sunflower expeller, maize, rape seed expeller, sweet lupins, beans, flax expeller and soybean oil and algae could replace a diet reliant on soybean expeller in a 100% organic broiler feed. The algae used in this feed trial were produced using a small scale set-up and so were relatively expensive. However, it is conceivable that the drive towards 100% organic feed for monogastric livestock could result in greater demand for such products leading to economies of scale and subsequent reductions in cost. The fact that they were produced using a system that utilised waste-derived fertiliser from anaerobic digestion may have positive implications for the environmental impact of future algae-based diets, although this would require further investigation due to the energy costs of freeze-drying the algae.
The results of these preliminary feed trials suggest that using locally sourced feed does not have an impact on broiler productivity and adding algae to the feed can improve its performance compared with a locally sourced feed without algae. It is necessary to perform digestibility studies with novel protein sources to provide good nutritional data for these novel proteins before progressing to larger scale performance studies. As well as larger scale, more commercial feed trials, further trials to test possible seasonal effects could be carried out. It might be useful to consider carrying out taste tests to ascertain that none of the diets change the consistency or taste of the broiler meat (although no research was found to suggest that this might be the case using any of the ingredients used in these trials). Further feed trials using laying hens could also be considered to ascertain whether the ingredients trialled in this study may also be appropriate for use in laying hen rations.
Further research could also include further more detailed investigation into the costs of such feeds and the possibilities for economies of scale (as was briefly mentioned above). The environmental impact of each of the three diets discussed in this article should be investigated in greater detail to identify which of the diets are the most sustainable in the long term.
